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Effects of Working Pressure on Microstructure and Properties of TiBN/TiAISiN

Nano-multilayer Coatings
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Abstract; The novel nanocomposite coatings have become the most promising protective materials due to their high hardness
and antiwear properties for the requirements of high-speed dry cutting and grinding tool industry. The monolithic TiBN, TiAISiN
and TiBN/TiAISiN nano-multilayer coatings were deposited on hard alloy matrixes at various working pressures by tuning N, flow
rates using a cathodic multi-arc ion plating system wherein the composite TiB, and TiAlSi targets were selected as evaporative
cathodes. The microstructure, composition, and morphologies were analyzed by XRD, XPS, SEM, AFM and HRTEM, respec-
tively. Nano-indentation and ball-on-disc friction tester were used to investigate the mechanical and tribological properties of the
coatings. Results show that TiBN/TiAISIN coatings possess a typical structure where the nanocrystals are imbedded in the amor-
phous layers. The higher the working pressure, the smoother the surface of TiBN/TiAlSiN coatingsis. The maximum microhard-
ness value can reach 38 GPa at 1. 0 Pa, while a microhardness of approximately 34 GPa with the lowest coefficient of friction of

0.29 is obtained for TiBN/TiAlISiN coatings fabricated at 2. 0 Pa as compared to the monolithic TiBN and TiAISiN coatings with
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the hardness beneath 28 GPa and coefficient of friction over 0. 50. The mechanical and tribology performance is superior to the

monolithic TiBN or TiAlISiN coatings, which can pave the way for fabricating the hard/lubricant nanosized multilayered coatings

in the field of dry-cutting and grinding tools.

Keywords: TiBN/TiAlSiN; multi-arc ion plating; working pressure; nano-multilayer coatings; microstructure
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Fig. 1 Schematic diagram of the deposition system
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Fig.2 XRD patterns of TiBN/TiAlISiN multilayers at various

working pressures
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Fig. 3 XPS spectra of TiBN/TiAISIN nanocomposite coatings deposited at some workingpressures
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Fig.4  Three-dimensional AFM images of TiBN/TiAlSiN

multilayered coatings at different working pressures
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Fig.5 Surface morphological and cross-sectional SEM images of TiBN/TiAISiN coatings at different working pressures
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Table 2 Chemical compositions by XPS and physical parameters of multilayered coatings at various pressures

Working Chemical composition/% Thickness/ RMS/
pressure/Pa Ti Al B Si N pm nm

1 20.77 8.15 16.23 2.81 49. 64 1.71 11.73

1.5 21.40 7.43 16.41 2.54 50. 02 1.87 5.88

2 21.95 6. 65 16. 67 2. 66 50. 07 2.02 3.71

2.5 25.80 7.13 13.56 2.36 49.55 2.29 4.95

3 31.20 8.04 2.38 2.87 54.51 1.61 1.36

(a) Magnification (x50 000)

K6 TAESE 2.0 Pa &/ FULRAYIRZH) HRTEM K15
Fig. 6 HRTEM micrographs of TiBN/TiAlSiN coatings deposited at 2. 0 Pa
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Fig. 8 COF and wear rate of TiBN/TiAISiN multi-layer coat-
ings fabricated at 1. 0-3. 0 Pa and TiBN, TiAlISiN coatings at
2.0 Pa
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